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Specification 

1. Title of the Invention 

Method for Manufacturing Semiconductor Device 
Z Scope of claims 

A method for maniifaftriring a semiconductor device, characterized by forming a halogen ion 
by ion implan tation in fo rmin g an oxide film including the halogen ion over a semiconductor substrate. 
3. DetafledDesa^oncrfthetovention 

The present invention relates to a method for manufacturing a semiconductor device, 
specifically, relates to improving a process of forming an oxide film on a substrate surface. 

In a MOSIC and the like, a high quality oxide film which has a small interface charge density 
and has few pinholes is desired as agate oxide film in order to attain further stabilization of a threshold 
voltage. Nowadays, as a method for obtaining such a high quality oxide film, a method by which 
hydrochloric add or chlorine gas is mixed with several % into dry oxygen to oxidize a substrate surface 
is known. However, this sort of the method makes poisonous chlorine gas or hydrochloric acid flow in 
an oxidation furnace during the oxidizing process, that is, for 2 to 3 hours. Although a safety device is 
required to prevent leakage of the gas, a significant device has not been developed at present The 
method is very dangerous, and further, there is a problem of flow quantity control of hydrochloric acid 
or chlorine gas. 

In view of the foregoing problems, it is an object of the present invention to find out a method 
by which an oxide film can be formed without flowing a poisonous gas such as hydrochloric acid or 
chlorine gps, and by which the oxide film can have higher quality than an oxide film formed with 
flowing the poisonous gas, and to provide a method for manufacturing various kinds of semiconductor 
devices excellent in operating characteristic by using this method. 

Incidentally, a high quality oxide film can be obtained by oxidizing with flowing hydrochloric 
acid or chlorine gas. This is caused that chlorine getting in the oxide film which is formed traps alkali 
ion and the Hke existing on a semiconductor substrate surface and reduces interface charge density. 

Consequently, an inventor of the present invention and the like considered that it becomes 
possible to trap an alkali ion existing on a semiconductor substrate surface to reduce an interface charge 
density by forming an oxide film provided with halogen such as chlorine by ion implantation on the 
semiconductor substrate, and performed an experiment 
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The experiment will be described below. For example, in the case of implanting chlorine 
ions as a pretreatment for forming an oxide film on a silicon wafer surface, the relation between an 
amount of implanted ions, and an interface charge density and a pinhole density shows that they 
decrease with an increase of the amount of implanted ions, and shows that they increase again when the 
amount of implanted ions exceeds a certain value. Therefore, if chlorine iois in a certain range, 
specifically approximately 10 19 to 10 20 ions/cm 3 are implanted in a silicon substrate surface, a high 
quality oxide film which has few pinholes and small interface charge density can be formed. Then, a 
condition of an interface charge density and pinholes in the case in which chlorine ions axe not 
implanted and the case in which chlorine ions are implanted axe shown in a figure. 

It is to be noted that, in the case of forming a high quality oxide film which has few pinholes 
and a small interface charge density, in addition to the method described above, for example, a chlorine 
ion may be included in an oxide film by ion implanting chlorine ions after forming the oxide film by 
carrying out thermal oxidation to a semiconductor substrate, and also, a chlorine ion may be included in 
an oxide film by ion implanting chlorine ions after forming the oxide film by carrying out vapor phase 
deposition to the semiconductor substrate. That is, a chlorine ion may be included in an oxide film 
formed over the semiconductor substrate by ion implantation. 

Further, the depth of implantation can be controlled by an accelerating voltage of an ion or 
forming an insulating film over the semiconductor substrate surface. 

In addition, as described above, by ion implantation of the semiconductor substrate and a 
chlorine ion and heat treatment on the substrate in an oxygen atmosphere, an oxide film is formed at the 
portion in which the ion is implanted Therefore, a lattice defect generating by the ion implantation is 
automatically annealed by the heat treatment as forming the oxide film. 

The present invention is constituted based on a fact of the above experiment. A method fox 
manufacturing a MPS transistor as an embodiment thereof will be described below. 

A transistor region is provided for the surface {1.0.0} in an n-type silicon substrate of specific 
resistance of 5 Q cm, and chlorine ions are implanted at approximately 10 19 to 10 20 ions/cm 3 on the 
surface thereof by accelerating voltage of 50 KeV Subsequently, the surface thereof is oxidized for 30 
minutes at U00°C in dry oxygen, and an oxide film having a film thickness of 1200 A is formed. 
Then, a polyaystalline silicon film is formed over the oxide film. While a gate is formed by etching 
the oxide film and the polyaystalline silicon fihn into a predetermined shape, a source and a drain are 
formed by using the gate as a mask In addition, take out electrodes of the gate, the source and the 
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drain are provided, and then, a MOS transistor is completed 

Further, when a threshold voltage of the MOS transistor manufactured as the above is 
measured, the threshold voltage is very low with -0.5 V, and also extremely stable. 

It is to be noted that, although the above embodiment describes the case of manufacturing the 
MOS transistor, the present invention is not limited to this, and can be applied to the case of 
manufacturing various kinds of semiconductor devices such as a MOSIC and a MOS memory. 
Further, an implantation ion is not limited to a chlorine ion. All kinds of halogen ions such as a 
fluorine ion, a bromide ion, and an iodine ion can be applied to an implantation ioa Furthermore, a 
compound semiconductor such as gallium phosphide, in addition to silicon, can be applied to a 
semiconductor substrate. Further, in the case of forming an oxide film including a halogen ion as 
described above, the oxide film including the halogen ion may be formed by ion implantation, after the 
formation of an oxide film by thermal oxidation or vapor phase deposition before the ion implantation. 

As mentioned above, according to the present invention, it is possible to provide a 
manufacturing method capable of obtaining a semiconductor device* having a stable and low threshold 
voltage by forming an oxide film including a halogen ion by ion implantation over a semiconductor 
substrate. 

4. Brief Description of the Drawing 

A figure shows curves of interface charge density and pinhole density to an amount of 
implanted ions for describing a principle of the present invention. 

Applicant Thkyo Shibaura Electric Gx, Ltd 

Agent Patent Attorney Tfekehiko Suzue 

5. list of attached papers 

(1) Power of attorney 1 

An attached power of attorney is incorporated by a Patent Application (1) of simultaneous 
presentation. 

(2) Specification 1 

(3) Drawing 1 

(4) Duplicate of application 1 
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